The chemical and enzymatic properties of the cytochrome system in the particulate preparations obtained from dormant spores were used in this study. The latter strain, kindly provided by K. Miki, Osaka University, Toyonaka, Osaka, Japan, was a mutant type which was derived from wild-type strain JB15 by irradiation with ultraviolet light. Dormant spores. Dormant spores were prepared from a 5-day culture of the strain grown on nutrient agar plus 0.01% MnCl, at 37 C. The harvested spores were washed several times with distilled water and kept frozen at -20 C until used. This preparation contained neither vegetative forms nor debris. When the vegetative form residue was present, spores were freed of vegetative cells by incubating the spore pellet in 20 mM tris(hydroxymethyl)aminomethane-hydrochloride buffer (pH 7.2) containing lysozyme at 50 C for 30 min, washed with distilled
The chemical and enzymatic properties of the cytochrome system in the particulate preparations obtained from dormant spores, germinated spores, young vegetative cells, and vegetative cells of Bacillus subtilis PCI219 were investigated. Difference spectra of particulate fractions from dormant spores of this strain suggested the presence of cytochromes a, a, b, c(+c ), and o. All of the cytochrome components were present in dormant spores and in germinated spores and vegetative cells at all stages which were investigated. Concentrations of cytochromes a, a., b, and c(+c1) increased during germination, outgrowth, and vegetative growth, but that of cytochrome o was highest in dormant spores. As the cytochrome components were reducible by reduced nicotinamide adenine dinucleotide (NADH), they were believed to be metabolically active. Difference spectra of whole-cell suspensions of dormant spores and vegetative cells were coincident with those of the particulate fractions. NADH oxidase and cytochrome c oxidase were present in dormant spores, germinated spores, and vegetative cells at all stages after germination, but succinate cytochrome c reductase was not present in dormant spores. Cytochrome c oxidase and succinate cytochrome c reductase activities increased with growth, but NADH oxidase activity was highest in germinated spores and lowest in vegetative cells. There was no striking difference between the effects of respiratory inhibitors on NADH oxidase in dormant spores and those on NADH oxidase in vegetative cells.
There have been several reports on cytochrome components of vegetative cells of the genus Bacillus. It is especially well known that vegetative cells of B. subtilis show absorption spectra of cytochrome components which are very similar to those of yeast and mammals; the cytochrome components are cytochromes a, a, b, c, and cl, which are typical respiratory pigments (2, 9, 11) . Studies on cytochrome components in vegetative cells of B. cereus have been reported by Doi and Halvorson (4) and Schaeffer (10) and those in vegetative cells of B. megaterium by Weibull and Bergstrom (16) and Broberg and Smith (1) . However, only a few reports of respiratory pigments of dormant spores of Bacillus have been published. The absorption spectrum of cytochrome of B. subtilis spores at the temperature of liquid air showed that spores of bacilli differ from their vegetative cells in cytochrome content (7) . Doi and Halvorson (4) Young vegetative cells and vegetative cells. Spores germinated by L-alanine were suspended in nutrient broth and incubated at 37 C for 2 hr for young vegetative cells and for 6 hr and 9 hr for vegetative cells. The culture was carried out in 500-ml flasks, each containing 100 ml of the medium, and shaken at a speed of 110 times per min. The collected cells were subsequently treated in the same manner as germinated spores.
Preparation of particulate fraction and soluble fraction from the washed cells. The washed cells of each stage were suspended in 20 mm phosphate buffer (pH 7.5). About 3 ml of the thick dormant spore suspension, together with 20 g of glass beads, was treated in a 10-kc sonic oscillator at 2 to 3 C for 40 min; the germinated spore suspension was treated for 20 min under the same conditions. Young vegetative cell and vegetative cell suspensions were oscillated for 10 min without glass beads. After the treatment, the broken cell suspension was centrifuged at 10,500 x g for 40 min at 4 C, and the supernatant fluid of the cell extracts was again centrifuged at 135,500 x g for 3 hr and separated into particulate and soluble fractions. The precipitate thus obtained was suspended in 20 mm phosphate buffer (pH 7.5) and centrifuged again at 135,500 x g for 1 hr. The precipitate collected by centrifugation was dissolved in a minimal volume of the same buffer and stored at -20 C.
Measurement of the difference spectra. Measurements of the difference spectra between the reduced preparation and the oxidized preparation were performed with a recording spectrophotometer (Cary, model 14) supplied with 0 to 0.1 and 0 to 1.0 absorbance slide wires, by using a 1-cm light path cuvette, at 25 C; at the temperature of liquid nitrogen, a 0.2-cm light path cuvette was employed. For measurements of the difference spectra of preparations from dormant spores, germinated spores, and young vegetative cells, and also for the determination of the effect of CO on absorption spectra, a modified Thunberg-type cuvette was used. The difference spectra between CO-treated reduced preparation and untreated reduced preparation were also measured with a recording spectrophotometer (Cary, model 14) . A gentle stream of CO was added to the anaerobic sample for I min.
The concentration of each cytochrome in the particulate fractions was determined from the reduced nicotinamide adenine dinucleotide (NADH) reducedminus-oxidized difference spectra and CO reducedminus-reduced difference spectra. The following wavelength pairs and millimolar extinction coefficients were used for the determination of the components: cytochrome a(+a,), E(604-623 nm) = The concentrations of individual cytochrome in each type of cell were determined from the above two kinds of difference spectra. As shown in Fig. 2, cytochromes The differences between the concentrations of cytochrome a, obtained from NADH reducedminus-oxidized difference spectra and those of a3 obtained from CO difference spectra may be dependent on the influence of cytochrome o.
The absorption spectrum of the dormant spore particles at the temperature of liquid nitrogen was measured to discover whether cytochromes a and a3 were present in the dormant spores. Absorption bands which appeared at 601 and 440 nm (Fig. 3) subtilis PCI219 cells or an artifact due to the procedures used in preparation of the particulate fractions, difference spectra were also run on a suspension of whole dormant spores in comparison with that of vegetative cells. As can be seen in Fig. 5 , the difference spectra pattern. for dormant spores reduced with Na,S,O4 is similar to the pattern for the particulate fraction (Fig. la) , and the pattern for vegetative cells reduced with succinate is similar to the pattern for particulate preparations reduced with NADH (Fig. le) (Table 4 ). In spite of the existence of cytochrome o, the enzyme activities were almost the same in the dormant spores of both strains and in the vegetative cells of the two strains used. Moreover, the effect of potassium cyanide on particulate NADH oxidase and cytochrome c oxidase activities from vegetative cells of the two strains was investigated. Both cytochrome c oxidase activities were completely inhibited, but neither NADH oxidase activity was completely inhibited by 2 mm cyanide (Fig.  8) . The effect of cyanide on NADH oxidase activity was much less than that of cyanide on cy- (3, 5, 6, 12, 14, 15 The absence of succinate cytochrome c reductase in the dormant spore particles is in agreement with the results reported by Doi and Halvorson (4). However, relatively high particulate NADH oxidase activity and very low soluble NADH oxidase activity in dormant spores are in contrast with their results. Judging from these results the functional electron transport system in dormant spores of B. subtilis appears to be the particulate NADH oxidase system.
As shown in Table 2 , the effects of various inhibitors on the particulate NADH oxidases are almost the same in dormant spores as in vegetative cells. The fact that 39 to 59% of the NADH oxidase activity from both cells is antimycin Ainsensitive and 36 to 50% of the enzyme activity is cyanide-insensitive coincides with the idea of Miki et al (9) . This idea is that, in the particles from B. subtilis, electrons are transferred from the substrate to oxygen considerably more rapidly through the pathway which does not include type b component, that is, an electron transfer pathway such as in flavine respiration. This pathway seems to play an important role in germinated spores, as they show very high particulate NADH oxidase activity and a decrease of sensitivity of the enzyme to cyanide. This problem is being actively studied at present.
